Abstract: The Internet stimulates trade. Using a gravity equation of trade among 56 countries, we find no evidence of an effect of the Internet on total trade flows in 1995 and only weak evidence of an effect in 1996. However, we find an increasing and significant impact from 1997 to 1999. Specifically, our results imply that a 10 percent increase in the relative number of web hosts in one country would have led to about 1 percent greater trade in 1998 and 1999. Surprisingly, we find that the effect of the Internet on trade has been stronger for poor countries than for rich countries, and that there is little evidence that the Internet has reduced the impact of distance on trade. The evidence is consistent with a model in which the Internet creates a global exchange for goods, thereby reducing market-specific sunk costs of exporting.
Introduction
Anecdotal evidence that the Internet has affected international trade is everywhere. A recent New York Times article told of women in a remote part of Guyana using the Internet to sell handwoven hammocks to people around the world (NYT 3/28/2000) . A producer of draperies and other goods from Hicksville, Long Island is using the Internet to negotiate deals in Turkey, Saudi Arabia, and South Africa, after years of serving only the domestic market (Long Island Business News, 8/21/2000) . Of greater importance for sheer trade volumes, global business-to-business web sites have already been set up in a number of industries. Some examples include, SciQuest, a global marketplace for laboratory and scientific materials; Commerx, a global exchange for plastics, metals, and packaging materials; and e-Steel, which links buyers and sellers of steel products around the world. In one well-known example, Daimler-Chrysler, GM, and Ford are starting COVISINT, an Internet-based market for car parts that is expected to aggregate thousands of suppliers worldwide. Such initiatives are not limited to industrialized countries. For example, a web-based market is being developed in greater China for international suppliers of agricultural products (Chicago Sun Times 9/12/2000). Forrester Research, a leading consulting company, estimates that global e-commerce cross-border trade will be $44.1 billion in 2000, and will grow to $1.4 trillion in 2004, accounting for 18 percent of total exports (Sanders, 2000) .
The main purpose of this paper is to quantify the effect that the Internet has had on international trade in recent years. We motivate the analysis with a model with imperfect competition and sunk costs. Evidence suggests that market-specific sunk costs have historically been very important for a large share of trade in goods.
1 The Internet has the potential to reduce 1 A large body of empirical work has shown that past linkages and business networks are significant determinants of current trade flows. After controlling for the standard determinants of trade, Eichengreen and Irwin (1998) show that past trade has significant explanatory power in explaining current trade patterns using aggregate trade data. Roberts and these costs because suppliers can advertise to numerous buyers at once. This has important implications for trade volumes and for bilateral trade patterns. In particular, it implies that the new technology will increase trade, reduce the importance of past linkages on current trade, and is likely to have the greatest impact on exports of countries that have not historically had strong trade ties.
The model also shows that the effect of distance on trade will be reduced if distance impacts trade mainly through sunk costs, for example, by improving access to information about distant markets.
Alternatively, if distance impacts trade primarily because of transport costs then it is unclear if the development of the Internet will change the way in which distance affects trade.
We use a gravity model of trade among 56 countries over the years 1995 to 1999 and test whether Internet usage can help explain the observed trade patterns. In brief, we do not find evidence of an effect of web access on international trade in 1995, and only very weak evidence in 1996. However from 1997 to 1999, we find a significant and increasing impact of the Internet on trade flows. Specifically, we find that a relative increase of 10 percent in web hosts in 1999 would have led to about 1 percent greater trade. We find that the Internet has had the strongest impact on trade flows among developing countries, which is consistent with the model's prediction that countries without established trade links have the most to gain from Internet technology.
Surprisingly, we find little evidence that the Internet has reduced the impact of distance on trade, suggesting that distance influences trade patterns mainly as a result of transport costs. We also find evidence that the Internet has reduced the importance of past linkages on trade flows.
It should be noted that while the Internet is likely to impact trade in both goods and services, the effects on the two are likely to be very different. As mentioned above, trade in goods will be affected because Internet technology makes the development of global markets for goods possible. Tybout (1997) show a similar effect of history using firm level data. Rauch (1999) finds that colonial linkages and language help explain trade flows.
Trade in services will be impacted because new services, which are transmittable via the Internet, can now be traded almost costlessly, irrespective of location. 2 The Internet is therefore likely to have a relatively greater effect on the volume of trade in services and on the way in which distance influences services. In this paper, we focus on goods trade and the market-creating effect of the Internet on goods trade. In a companion paper, we plan to explore the effect of the Internet on services trade.
The paper proceeds as follows: Section 2 reviews related literature and develops a theoretical framework to describe the effect of the Internet on trade. Section 3 briefly reviews the gravity model of trade, Section 4 discusses data and measurement issues, Section 5 presents the results, Section 6 offers a sensitivity analysis of the results, Section 7 discusses alternative interpretations, and Section 8 concludes.
A Theoretical Framework for Empirical Tests
The purpose of this section is to provide a theoretical framework for empirical examination of how the Internet is likely to influence trade patterns. The model is meant to be illustrative and highlight the different ways in which the Internet could impact goods trade. The relevant innovation of the Internet is that it has the potential to create large global markets for specific traded goods, both directly via organized exchanges with numerous buyers and sellers and indirectly through powerful search engines, which enable sellers to notify buyers of prices instantaneously. This is very different from other recent innovations, such as the telephone or the fax, which only assist bilateral communication. Indeed, a recent survey of 50 global eMarketplaces finds that the value of these exchanges comes from aggregating buyers and sellers across regions.
One executive from a Chemicals site notes that "If a French chemicals company wanted to sell in China, it would spend a lot of money to expand into Asia. Now the firm can post on our site. The
Chinese buyer looking for PVC is one click away from the French seller" (Sanders 2000) .
A global exchange effectively reduces sunk costs associated with a particular market because suppliers can advertise to numerous buyers in one place. Several recent papers have emphasized the importance of sunk costs in explaining trade flows. In a seminal paper, Baldwin (1989) shows that sunk costs may be responsible for explaining observed hysteresis in trade flows. Eichengreen and Irwin (1998) find that historical trade patterns play a large role in determining current trade patterns, and interpret this as evidence that sunk costs must be involved in setting up trade networks. Using firm-level data, Tybout and Roberts (1997) also find evidence that sunk costs help explain why Colombian firms export in a particular year. Freund (2000) finds that trade links between original members of the European Union are highly persistent, and hypothesizes that sunk costs are likely to blame.
A related strand of the literature focuses on the costs associated with imperfect information and emphasizes the importance of local networks in overcoming these costs. Rauch (1996) develops a search theory of trade in which networks expand a firm's possible export markets by increasing the number of draws it obtains when it searches for the best match. 3 He uses this theory to explain the importance of family ties and Asian business groups in establishing trade links. In a companion paper, Rauch (1999) shows that trade links, such as colonial ties or a common language, are important in explaining trade patterns, especially for goods that do not trade on an organized exchange or have reference prices.
In both types of models, trade is distorted and trade flows will be persistent. In models with sunk costs, trade is distorted because some exporters do not enter a market (while others do not exit) as relative prices adjust. In models with imperfect information, trade is distorted because search is costly, implying that the best matches are unlikely to be identified, and that once matches are found they will not change because it is costly to find a new partner.
Next, we develop a minimalist model with imperfect competition and sunk costs to demonstrate the effects of creating a global exchange on trade. We consider n countries, each with m firms producing a homogeneous good. Competition in this market is Cournot, and welfare gains are a result of the increase in competition that trade introduces (as in Brander and Krugman (1983) ). We assume that a firm pays a market specific sunk cost in order to participate in a given market. This includes costs such as: finding out information about the market, advertising the product, and establishing a distribution network. Many of these investments are specific to the foreign country and are unlikely to be recouped if the firm exits.
The model has two periods and there is perfect information. Aggregate utility in each country is assumed to take the form
where N denotes the consumption of a competitively produced numeraire good, Q is total consumption of an oligopolistically produced good, and K is a constant.
Demand for the imperfectly competitive good in each country is therefore
where P is price. Initially, the markets are assumed to be segmented, that is, it is prohibitively costly to cross-haul output.
Each firm produces with a constant marginal cost, c, and there is a fixed cost, F, of exporting to a country that varies with the distance between countries. The fixed cost is assumed to be higher for a more distant market because it is more costly to obtain information about that market. In addition, there is a transport cost, t, per item that also increases with distance because it is more costly to ship goods over long distances. To solve the problem, we first solve for a firm's optimal exports, given that the firm exports to a certain market, then we check under what condition exporting will occur in equilibrium.
A firm's problem is to maximize the present discounted value of profits
where q* is the output for sale by other firms and β is the discount factor. The solution to this problem yields the equilibrium quantity that a representative firm from country i exports to country j as a function of the exports of all other firms. The optimal quantity that a firm exports in each period is
Plugging the quantity from equation (2) into equation (1) and solving, profits are
With a fixed cost of exporting, exporting is worthwhile only if the profits exceed the fixed cost of trade. That is, total exports from i to j are (4) . The likelihood that profits exceed the fixed cost depends on the size of the fixed cost, of the transport cost, of the foreign market, and the amount of competition.
In the second period, exports will be the same as first period exports, assuming growth and costs are constant over time.
In addition, because of the sunk costs, small change in fundamentals will not affect trade.
Once the fixed cost is paid, a firm will always remain in a market. Similarly, if it was not optimal for a firm to enter a market in the first period, it will not be optimal for a firm to enter in the second.
This yields three hypotheses about trade in the imperfectly competitive good with fixed costs.
(i) A firm in a neighboring country is more likely to export and will export more than other firms because the fixed cost and the transport cost are both lower. A lower fixed cost directly increases the likelihood of exporting and a lower transport cost increases profits which also makes exporting more likely.
(ii) A firm is more likely to export to a large market, i.e. a market where K is large.
(iii) In a two-period model, history is important, the same exporters will always export in both periods. Producers sell directly to foreign markets, and some producers do not sell to some markets.
Producers are more likely to sell to neighboring markets and to large markets. In addition, because of the fixed cost of entry, firms in a market have significant market power and prices vary across countries.
Next, we consider how trade is different with the Internet. The Internet effectively aggregates world demand and world supply-markets are no longer segmented. World demand for the imperfectly-competitive good is
We assume that all of firms with access to the Internet compete on this market and then output is distributed according to demand. Each firm now optimizes its exports over world demand, which yields the following equilibrium quantity:
where q* is the total supply by the rest of the firms in the market and t* is a firms average transport cost.
Country i's exports to country j will be
where Yj/Y* is the relative income of country j. The intuition is that mq i is total exports from country i to the world, and each country j imports its relative share of the world supply.
The market now appears as in Figure 2 . Countries buy and sell on the international e-market.
All importing countries gain because the price is lower. Exporting countries gain from access to new markets and reduction or removal of the fixed cost.
Note that in this basic specification distance no longer matters-exports are only a function of the relative size of the exporter and importer. However, it is more likely that the world market will clear by proximity in order to reduce transport costs. For example, each firm could list a price excluding transport costs, which would have to be the same across countries, and also provide a list of transport costs across markets. In this case, country j's imports from country i will depend to a large extent on how close the two countries are and the effect of distance could actually increase.
The logic is that with imperfect competition and sunk costs, suppliers from several different countries could have entered a large market provided the sunk costs were not too different across countries. With the Internet, however, all exports should be drawn first from the closest market in order to reduce transport costs. 4 Only if the effect of distance is primarily in the fixed costs, will
Internet technology definitely reduce the effect of distance on trade.
The possible effect of the Internet on distance and trade is illustrated in Figure 3 The Internet also increases world welfare. Increased competition implies that world prices should fall and converge. Since all countries buy from the world market, prices must be identical; in addition, without the market-specific sunk cost, competition is more intense so prices must be lower. Firms that exported to a lot of countries in the past might lose because they are now forced to sell at a lower price. Similarly, countries that previously imported from only a few countries have a lot to gain in consumer surplus because the new price will be relatively lower. Since the world price is lower than individual countries' prices had been, the gains must outweigh the losses worldwide.
The remainder of the paper tests some of the positive predictions of the model. Specifically, we first examine whether the development of the Internet has led to increased trade flows. Theory suggests that trade should expand because sunk costs associated with trade are reduced. Second, we explore whether the Internet has altered the effect of distance on trade. While public rhetoric has emphasized the death of distance, theory does not offer such a definite prediction with respect to its fate. Third, we examine whether the effect has been stronger for developing or industrialized countries. Theory suggests that countries with the fewest past trade linkages (most likely poor countries) have the most to gain from the Internet. And finally, we examine whether the Internet has reduced the importance of past linkages on trade flows. The development of global markets via the Internet implies that trade linkages should be less important.
Specification of the Gravity Equation of Trade
We use the gravity equation of trade to adjust for the standard determinants of trade. Gravity equations have been used extensively in the literature (see, for example, Deardorff (1995) , McCallum (1995), Frankel, Stein and Wei (1995) , Helliwell (1996), and Wei (1996) ) as a means of empirically describing a "natural" pattern of trade based on the economic sizes (i.e. "mass") and geographic distances between countries. In addition, Deardorff (1998) has shown that a basic gravity specification can be derived from a number of theoretical trade models. The model in the previous section is also consistent with a gravity equation for trade-trade increases with the size of the foreign market and the size of the domestic economy (as measured by the number of firms in the model), and decreases with distance. The empirical fit of the gravity specification tends to be quite good, generally explaining between 60-70 percent of the cross section variance of trade volumes.
The gravity equation is fundamentally based on the underlying "gravitational" relationship
where TOT is the total bilateral trading volume between countries i and j. Taking logs on both sides produces the specification
where gdp i gdp j is the log of the product of the GNP's of country i and j.
Slightly embellishing the basic specification as is common in the literature, we start by estimating the following equation:
where pop i pop j is the log of the product of the populations of country i and j, and ADJ, LANG, LINK, and FTA are dummy variables which take the value 1 for adjacent countries, country pairs which share a common language, countries which share some colonial linkages, and country pairs which are both members of a free trade area, respectively.
Finally, in order to estimate the effect of the Internet on trade, we include a measure of the "cybermass" of the two countries. The appropriate specification of the gravity equation is now 
Data
To measure cybermass, we use data from the Internet Software Consortium (ISC) to count how many web hosts are attributed to each country by counting top-level host domain names. A top-level domain name is either an ISO country code or one of the generic domains (com/org/net/etc). However, this is certainly not an ideal measure. ISC notes that, "There is not necessarily any correlation between a host's domain name and where it is actually located. A host with a .NL domain name could easily be located in the U.S. or any other country. In addition, hosts under domains EDU/ORG/NET/COM/INT could be located anywhere. There is no way to determine where a host is without asking its administrator. ... In summary, it is not possible to determine the exact size of the Internet, where hosts are located, or how many users there are" (www.isc.org).
Thus the best we can hope for is that our measure of cybermass, which we call HOST, is at least somewhat correlated with the relative quantity of host sites in each country. However, even if a host site with, say, a Venezuelan top-level domain name is located in the USA, it is likely that the content of the web site is aimed Venezuelans. Thus the number of "Venezuelan" sites, regardless of physical location of the computers, should to a large extent reflect the "wiredness," or cybermass, of the country. In all of the specification reported in the paper, we do not attribute hosts under the domains .org, .edu, .net, .com or .int to any particular country.
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Because of the possible problems with the data noted above, we also use estimates of the number of Internet users in each country (as provided in the World Bank, World Development 5 As the vast majority of sites with .org, .edu, .net, .com or .int domain names could be expected to reside in the United States, we expect the cybermass measure for this country to be biased downward. To check whether this particular bias could have an effect on the results, the analysis was repeated including a dummy variable for any country pair that included the US, interacted with our cybermass measure, HOST_12. While this interaction term was statistically significant (and negative) for 1996 and 1997 (but not for 1995), its inclusion in the regression did not significantly change any of the other results. We also redo the regressions assuming that 85 percent of these sites are in the United States (not reported). The results were very similar to the base case. Table 2 presents the same statistics for developing countries, defined as countries with 1995 per-capita income below $2,000.
Discussion of the Results
Results from the baseline gravity equation, for 1995 to 1999, are reported in Columns (1) through (5) of Table 3 . Columns (6) through (10) include the Internet variable, HOST. In 1995,
HOST is not significant, but from 1996-1999, HOST is positive and statistically significant and appears to be increasing in importance as the Internet develops, with a slight drop-off in magnitude in 1999. The coefficient of 0.14 in 1999 suggests that a 10 percent increase in the number of hosts in one country would have led to about 1.4 percent greater trade.
Including the host variable in the Internet regression has a notable impact on the coefficients on GDP and population. This suggests that there is significant multicollinearity between the host variable and these variables, most likely because the number of Internet sites in a country is positively correlated with per-capita income, and GDP and population together capture per-capita income in the baseline gravity equation (log(GDP/POP)=logGDP-logPOP). This implies that our estimate of the coefficient on the Internet variable in Table 3 overestimates its true value, and should be interpreted as an upper bound of the effect of the Internet on trade.
To account for this possible upward bias, we include initial trade patterns from 1995 in the regression equation. Including past trade is important because the model shows that historical exports will be important in determining current exports if sunk costs are important. In addition, this lagged dependent variable will capture all of the country-and pair-specific unobservable characteristics that are time invariant (and a good deal of the time varying characteristics as long as these are changing relatively slowly). Including this variable therefore ensures that our HOST variable is not just picking up the effects of some inherent country traits, such as relative wealth. In contrast to the coefficients on population and GDP, the effect of distance on trade changes only slightly when HOST is included in the regression equation. In the baseline gravity equation, as shown in the first five columns of Table 3 , the coefficient on distance falls slightly over time.
When the host variable is included in the regression equation, as shown in the next five columns, the coefficient on distance becomes more stable, providing some evidence that the Internet has reduced the way in which distance impacts trade. This marginal effect could be because it is too early to find more substantial evidence of a decline in the importance of distance. 8 Alternatively,
as the model suggests, it could be that distance affects trade primarily through transport costs, not information.
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There could be a legitimate concern about the direction of causality between HOST and trade flows. Rather than increased Internet usage spurring more trade, it is possible that countries that 7 The model also suggests that the Internet should reduce hysteresis in trade. To test this we include an interaction term of the host variable and past trade. The coefficient has the expected negative sign, indicating that in countries with more Internet hosts, past trade does not have as much explanatory power. While these results (not reported) always had the expected sign, they were not always significant at a standard level. 8 We also try interacting distance with the host variable (not reported) and the sign and significance were not robust across time and across different specifications. 9 However our results are not conclusive in this regard. In particular, Portes and Rey (1999) find that distance still has an important (negative) impact on international equity flows despite the fact that they are "weightless" and thus do not trade a lot have greater incentive to launch web initiatives to facilitate that trade. Although we cannot completely control for this possibility, in Table 5 In Table 6 we examine whether the impact of the Internet on trade is similar for both industrialized and developing countries. We disaggregate the effect of HOST into country pairs of two rich countries (HOST_RR), of one rich and one poor (HOST_RP), and of two poor countries (HOST_PP), where "rich" is defined as a country with per-capita GDP above $2000 in 1995. We do not find a statistically significant effect for any of the groups in 1995, a result consistent with the previous analysis. In 1996, however, we find small but statistically significant effects for pairs of rich countries (although this is significant only at 5 percent level) and rich-poor country pairs, entail transport costs in the traditional sense. Using telephone call traffic and international bank branches to proxy for information transmission, their results suggest that distance could be proxying for informational asymmetries. 10 We use two-year lag because the data on hosts is less likely to persistent on a two year horizon than a one year horizon. We also try various different lag lengths, and the results were qualitatively similar.
but none for poor-poor country pairs. In 1997 the coefficients for the rich-rich and rich-poor country pairs grows in magnitude and statistical significance. Significantly, the coefficient on the poor-poor country pairs is also now significant and its magnitude is not statistically different from the latter two groups. In 1998 the number of host sites in poor-poor country pairs has an even greater impact, both in magnitude and in statistical significance, than either the rich-poor or even the rich-rich country pairs. By 1999 this pattern has further solidified: we see the smallest effect for rich-rich pairs, and intermediate effect for rich-poor pairs and the largest impact on poor-poor country trading partners.
Theory suggests that the Internet should diminish the importance of past linkages on trade flows. In Table 7 we explore this hypothesis by including two interaction terms, HOST with language and HOST with our colonial links variable. If the Internet is making old linkages less important then the interaction terms should be negative. However, the Internet could make the effect of language on trade flows more important if countries with the same language are more likely to access each others web sites. Alternatively, if most businesses are using a single language in web products (eg. English), the Internet should tend to reduce the importance of this bilateral linkage. In 1997-1999, the interaction with LINK takes the expected negative sign but is not statistically significant (note however that LINK also becomes statistically insignificant). Our interaction variable with LANGUAGE is also negative, and is consistently statistically significant in all the years. These results suggest that the Internet is indeed starting to break down old ties (i.e.
favoring partners who share one's language), although the overall results also suggest that it is still very early in this process.
The results presented in Tables 3-7 show a clear pattern of increasing importance of the Internet in determining general trade patterns, especially among poorer countries. However, theory focuses on the effect of access to the Internet on the exporters. If exporters pay sunk costs to enter a new market and the Internet removes these costs, then number of firms with Internet accessmeasured as the number of hosts-should have a greater impact on exports than on imports. In Tables 8-9 we re-do the analysis using exports only, rather than total trade. For these regressions we distinguish between the country of origin (country i) and the country of destination (country j) in the analysis. show a pattern broadly consistent with those from the more general analysis. In particular, in each year we find the impact of the Internet on the exporting country to be significantly greater than for the importing country, and the coefficients for the importing country are not statistically significant until 1997. For both the exporter and importer the impact of the Internet is increasing over time.
As in the general total trade results from Table 3 , the coefficient estimates fall slightly in 1999 but are still highly statistically significant. The coefficients from 1999 can be interpreted as implying that a relative increase of 10 percent in domestic hosts would lead to about a 2.6 percent increase in exports, and about a 1 percent increase in imports.
In Table 9 we repeat the export-only gravity estimation, but separate out the HOST variable into rich and poor countries in order to investigate whether the Internet is having a differential effect on developing countries. Again the pattern is broadly consistent with previous results, with HOST playing a more important role in determining exports and having a greater effect in poor countries, for imports as well as for exports. The statistical significance of the results for exports in poor countries in not particularly robust in 1995 and 1996, but from 1997 onwards HOST has a significant effect at the 1 percent level of confidence.
Sensitivity Analysis
In order to examine the robustness of our results we redo the analysis in a number of ways.
First, we run a panel estimation with country-pair fixed effects. Second, we re-estimate the basic specification using Tobit analysis. Third, we estimate the basic gravity equation using an alternative measure of cybermass-the number of Internet users. Finally, we estimate the results on trade openness, as opposed to bilateral trade flows.
First, we estimate a panel regression with country-pair fixed effects. The advantage of this specification is that we remove all of the variation that is a result of fixed-country characteristics, such as distance, preferences, or technology. The disadvantage is that to the extent that the Internet affects trade with a lag, or that relative hosts are changing slowly, this specification will tend to underestimate its effect. In addition, because the trade data is in nominal terms, movements in the observed value of trade may at times be uncorrelated with movements in real trade.
The results are reported in Table 10 . The first column shows the results when we include country-pair fixed effects and the host variable. The second column shows the results controlling for both country-pair fixed effects and GDP; we include GDP because it is the only gravity variable that is changing significantly over the time period. These results imply that the magnitude of the effect of the Internet on the time-series variation in trade is smaller than its effect on cross-sectional variation. In particular, in the second half of the 1990s, a 10 percent increase in the number of web hosts in one country would have led to about a 0.3 percent increase in trade. 11 The third column
shows the results when we disaggregate the effect of host variable into its value in 1995-1996 and its value in 1997-1999 . Again, we find that the host variable only helps to explain the variation in the later years.
11 Using first differences produces broadly similar estimates.
Second, to take into account of the limited nature of the dependent variable, we re-estimate the results using Tobit analysis. 12 The results are reported in Table 11 . They show that our results are robust to this alternative estimation technique.
Next, we use an alternative measure of cybermass-Internet users-to ensure that we are indeed picking up an effect of the Internet. This data (from the World Bank, World Development Indicators) is available for 34 countries of our 56 countries, so the dataset is somewhat smaller.
The results are reported in Table 12 . They show a similar pattern to the one noted above. There is little evidence of an effect of the Internet on trade in 1995 and 1996, with a greater impact in the next three years.
And finally, we use data on aggregate trade openness. Owing to network externalities the Internet is likely to have the greatest effect on bilateral trade in cases where both countries have significant Internet penetration. Still, it is worthwhile to see if we can find any effect of the Internet on the aggregate trade of the countries in our sample. If we fail to find an impact, this suggests that the relationship we are picking up in bilateral trade is primarily trade reorienting; the Internet has led countries with high Internet intensity to shift some trade to other high-intensity countries.
The results are reported in Table 13 . The dependent variable is the natural logarithm of total trade relative to GDP, ROWGDP is the natural logarithm of rest-of-the-world GDP, and REMOTE is a distance-weighted measure of other countries GDP. The results are consistent with our previous analyses in that we fail to find any statistically significant impact of the Internet in the earlier years of the sample. These results do show that the Internet has led to increased openness in recent years. The coefficient of 0.05 on host in 1999, implies that a relative doubling of hosts leads to a 5 percent increase in openness. This suggests that the Internet has contributed to overall trade growth.
Alternative Explanations
The previous section has shown that there is significant empirical evidence of a correlation between increased Internet usage and trade, especially in 1998 and 1999. These results show that the effect is particularly strong for poor countries, and that Internet usage and has reduced the importance of past linkages in explaining trade patterns. We have interpreted this as consistent with our theoretical model presented in section 2, but there could be alternative explanations of the observed correlation. We have directly addressed the question of endogeneity by including lagged Internet measures in the analysis. In particular, we find that the variation in host sites in 1995 is not significant in explaining trade in that year, however, the 1995 host variable is significant in explaining some of the observed trade patterns in later years. This suggests that the Internet has affected trade flows.
A second possible objection to our interpretation is that the Internet HOST measure could be proxying for some other unknown factor that is associated with trade as well as with the Internet, but that the Internet itself does not affect trade. For example, it could be that countries with more Internet hosts trade more because a growing amount of trade is in high-tech products like telecommunications equipment and other technology related products. In this case, countries with relatively more hosts would trade more, simply because they produce and consume a lot of high-tech products. As our data is not disaggregated by commodity we cannot directly rule out this possibility. Nevertheless, the results are not consistent with this particular interpretation. It is reasonable to assume that the countries leading the trade in high-tech goods would be the more developed nations. If our Internet data were simply a proxy for high-technology trading countries, then we would expect to find the strongest results for the richer countries and less or none for the developing countries, the opposite of our actual results. In addition, by 1995 and 1996, countries had already been producing high-tech products for many years, so it would seem unlikely that the Internet variable would be insignificant in those years if the variable is only picking up high-tech trade. Finally, as shown in Table 10 , the statistical significance of our HOST variable is robust to the inclusion of country-pair fixed effects, which control for unobservable preferences and other characteristics.
Similarly, countries with more hosts might also have similar tastes and therefore these countries trade more, or the Internet could be proxying for the effect of developed infrastructure on trade. Again, while it is impossible to completely rule out an omitted variable bias, our results are not consistent with these latter hypotheses. In particular, if the presence of Internet sites were in fact just a proxy for similar tastes or better infrastructure then we would expect to see statistically significant and relatively similar results across the sample period. We find no evidence of an effect of the Internet on trade in 1995, only very weak evidence in 1996, and much larger impacts in subsequent years, indicating that we are capturing an effect which has strengthened over time and is not a proxy for some country time-invariant (at least over a 5 year period) characteristics. In addition, the statistical significance of our HOST variable is robust to the inclusion of a lagged dependent variable and country-pair fixed effects, both of which should control for unobservable preferences and other characteristics.
Conclusions
This paper has presented a theoretical model of the impact of the Internet on international trade.
The theory produces a number of specific implications; first, it suggests that trade should expand because sunk costs associated with trade are reduced. Second, the development of global markets via the Internet implies that historical linkages should be less important. Third, countries with the fewest past trade linkages (most likely the poor countries) have the most to gain from the Internet.
Finally, while public rhetoric has emphasized the "death of distance", the theory does not offer such a definite prediction with respect to its fate.
Using recent trade and Internet data we estimate a series of gravity equations that strongly support the predictions of the model. We find no robust relationship between the Internet and total trade in 1995 and 1996; from 1997 onwards, the Internet shows a positive, increasing and statistically significant impact on the global pattern of trade flows. We find little evidence that the Internet has affected the relationship between distance and trade, suggesting that transport costs play a more important role than information costs in determining trade patterns. As predicted by the model, the effect of the Internet is felt primarily through exports, and those countries with relatively more Internet presence also display less dependence on historical determinants of trade such as a common language. Perhaps more importantly, the results suggest that the benefits of the Internet may accrue disproportionately to poorer countries.
Our results reinforce the importance of policies aimed at reducing the "digital divide" between industrialized and developing countries. We have shown systematic and statistically significant evidence that increased Internet access can have positive effects on the exports of poorer countries, and our theoretical model strongly suggests that these movements should be welfare enhancing. If developing countries are limited in their access to the World Wide Web they will not be able to take advantage of the benefits accruing to wealthier countries, and the rise of Net will therefore be associated in increased global inequality. On the other hand, we have argued that given sufficient access to the Internet, the overall effect of the web should be to lessen historically determined inequalities in trading patterns and to increase export opportunities for developing countries, thus reducing global inequality. 
